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VI.

Executive Summary

Background & Purpose:
Microbial populations that live within the human gut have been shown to impact human
health status. Limited microbial diversity within the gut has been associated with increased
risk for several diseases including obesity, low-grade inflammation, and intestinal
inflammation3. Exogenous factors that influence bacterial diversity in the gut include diet,

exercise, stress level, and smoking1. The consumption of polyphenols in the diet, found in
various fruits and vegetables, has been linked to beneficial microbial gut and metabolic
health. Polyphenols have shown to encourage the growth of benign microbes while
suppressing the growth of pathogens2. This free-living diet intervention trial investigated
the impact of strawberries (as freeze-dried strawberry powder [FDSP]) on gut health in
postmenopausal women. Our primary objective was to assess the effect of habitual
strawberry consumption on gut microbiota composition. Gut microbiota outcomes
evaluated include Bacteroides, firmicutes, and microbial diversity.
Methods:
This was a 5-wk free-living trial with one 2-wk diet intervention treatment, preceded by a 3wk diet washout. The study had a convenience sample from San Luis Obispo and Fresno of
16 overweight, low-active, post-menopausal women (mean body weight = 83.9 kg; Body
Mass Index [BMI] = 31.9 kg/m2; age ~60 yrs) who completed the study and were used for
data analysis (see Figure 1 for participation flowchart). Participants “washed-out” their diet
of food high in polyphenols and probiotics for 5 weeks. During the diet intervention,
participants were asked to consume 13 g/d of FDSP (mixed as a smoothie) as a snack.
Participants completed 3-day weighed diet and physical activity (PA) records and tracked
consumption of any foods and beverages high in polyphenols, probiotics, and alcohol at the
end of the 3-wk diet washout and 2-wk FDSP supplementation. Additionally, two fecal
samples and anthropometrics were assessed at the end of each phase. Diet and PA were
reviewed by staff and later analyzed with Food Processor version 8.0 (ESHA, Salem, OR).
Statistical analysis was performed on a personal computer with JMP software (SAS Institute
Inc., Cary, NC). Analysis of anthropometrics and 3-day diet records were performed on all 16
participants; analysis of bacterial abundance and diversity were performed on 10
participants.
Results and Analysis:
The results revealed that consumption of 13g of FDSP (~1 serving of fresh strawberries) did
not result in a significant change to the F:B ratio or alpha-diversity (Table 2; Figures 2 & 3).
Likewise, Bifidobacterium and Lactobacillus abundance did not significantly change (Figures
4-5). Through analysis of the dietary intake of all 16 participants, no significant difference
was found between week 3 and week 5 in micronutrient or macronutrient intake, except for
vitamin C proving significant with a p-value of 0.016 (Table 3). Analysis of B vitamins was
only included for the only the first 10 participants to finish the study. The diet and statistical
analysis of these nutrients showed statistical significance (p=0.03) for the change in vitamin
B12 intake from week 3 to week 5 (Table 4). Additionally, with FDSP included in the diet, an
increase in fruit consumption was significant from week 3 to week 5; Fruit intake among
participants increased by 0.93 cup servings (p=0.002; Figure 6). However, once FDSP was
removed, the results proved insignificant. From these results, it can be inferred that the
study population did not consume adequate amounts of fruits in their normal diet to begin
with, therefore the 1 serving of strawberries significantly improving their fruit intake.
Reporting bias may have contributed to a possible source of error in the analysis of diet
records due to this study being a human intervention trial. It is not certain if every
participant accurately measured and recorded their foods as instructed, and it is possible
that participants mindlessly consumed polyphenolic or probiotic-rich foods, forgetting to

account for them, thereby altering results. A solution to this issue would be incorporating
photo journals as diet records. By asking participants to simply take pictures of everything
they eat and send those photos to the research team for analysis, it removes a substantial
amount of recall bias.
Conclusion:
The results of this 5-wk study did not reveal statistically significant differences in the gut
microbiome outcomes, likely due to the small sample size and the short duration of the study.
Because the company analyzing the gut populations from participant stool samples was
ordered to close by the Federal Bureau of Investigation, the study could not reach its goal of
n=30. This contributed to the low statistical significance. A longer intervention study with a
greater sample size and increased servings of FDSP may be necessary to deduce further
conclusions about the effects that strawberries can have on gut health of overweight and
obese individuals.
For purposes of strengthening the final research results on dietary intake, baseline diet
records on every participant would have been helpful in order to assess the amount of
vitamin C, B12, and fruit intake participants consumed prior to beginning the study. This
would aid in determining a usual dietary pattern among participants, therefore allowing for
a more definite conclusion to be made, that in addition to the FDSP improving fruit intake,
therefore improving vitamin C intake, the act of a participant tracking their own diet and
consuming more fruit may have influenced participants consumption of other foods,
possibly foods higher in B12. Future research on nutrient absorption and inflammation in the
gut may be important to increase the validity of our results. Analysis of specific biomarkers
for vitamin B12, and vitamin C absorption could provide more credibility to this study if it can
prove that not only are diet records revealing a significant increase in vitamin C and vitamin
B12 after consumption of FDSP, but through alternate, more accurate evaluation methods
such as blood analysis, there is a significant improvement in biomarkers for these vitamins
as well as inflammatory biomarkers in the gut.

VII.

Major Accomplishments

(1) Using strawberries, the project openly explored a practical relationship of widely
consumed berries. The project added to the data supply of berry consumption effects on
gut microbiome dynamics.
(2) Completion of one Master’s thesis and two Summer Undergraduate Research Project
poster presentations in 2019.
(3) Training of 10 undergraduate students in clinical research trial protocols, biosafety, and
communications efficacy.

VIII. Expenditure of Funds
Total spent: $1,688
(1) Incentives ($800): each participant who completed the study received a $50 gift card
(2) Food scales ($214)
(3) Food ($133)
(4) Paper supplies (folders, pens): ($186)
(5) Direct mailing ($200): advertising

(6) Facebook advertising ($25)
(7) Participant bags ($62); shipping materials to mail stool sample to uBiome ($68)

IX.

Impact on Student Learning

The importance of diet as a preventative health measure is a key concept within Cal Poly’s
Nutrition Science department. This research project provided students the ultimate handson learning opportunity; students were involved with the study design, acquisition of
funding support, Institutional Review Board application development, recruitment of
participants, implementation of the study protocols (including intervention and assessment
practices), as well as data entry, review, analysis, and results dissemination. Further, student
research assistants practiced their counseling and communication skills to appropriately
interact with participants as they assessed their health through personal health history
interviews, anthropometric measurements including height, weight, and waist
circumference, and discussions of gastrointestinal health. Participant commitment was an
essential factor for this intervention trial to exist. Knowing this, students invested significant
time and energy into making participants feel comfortable through measures including the
engagement in detailed conversation with participants revolving the background of the
study and providing immediate tele-communication feedback for participants. Students also
practiced their nutrition expertise skills by assessing participants’ 3-day diet records. The
Baker-Koob Endowment provided an incomparable research opportunity that cultivated the
skills needed for moving forward with graduate-level education, dietetic internships and
pursuing a career in the health and medical field.
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XI.

Appendices: Tables and Figures

Table 1. Participant Characteristics
Characteristic (n=16)
Mean ± SD
Age (yrs)

60.8 ± 8.1

Body weight (kg)

83.9 ± 16.4

BMI (kg/m2)

31.9 ± 4.3

Table 2. Bacteria abundance and alpha diversity (n=10)
Bacteria
Week 3a
Week 5a

P-value

Firmicutes

49.67% (2.72)

51.58% (3.03)

0.97

Bacteroidetes

35.18% (2.11)

38.34% (2.45)

0.09

Bifidobacterium

0.50% (0.19)

0.68% (0.27)

0.24

Lactobacillus

0.16% (0.13)

0.47% (0.45)

0.18

a-Diversity
1.83% (0.07)
1.78% (0.09)
aLeast squares mean (standard error of the mean)

0.81

Table 3. Macro- and micronutrient intake (n=16)

*Significant value (p≤0.05)

Table 4. Vitamin intake, (n=10)
Vitamin
Week 3a

Week 5a

P-value

A-RAE (μg)

464.49 (66.61)

471.76 (65.38)

0.94

D (μg)

1.91 (0.38)

2.45 (0.45)

0.19

E (mg)

8.01 (2.55)

6.39 (0.99)

0.40

K (μg)

85.38 (22.95)

47.84 (14.19)

0.20

B1 (mg)

0.97 (0.22)

0.92 (0.20)

0.43

B2 (mg)

1.26 (0.18)

1.33 (0.20)

0.46

B3 (mg)

12.02 (1.77)

13.70 (2.66)

0.33

B5 (mg)

3.11 (0.34)

2.70 (0.44)

0.39

B6 (mg)

1.07 (0.16)

1.19 (0.20)

0.33

Biotin (B7) (μg)

12.16 (3.68)

7.76 (2.54)

0.13

Folate (B9) (μg)

300.13 (55.16)

263.73 (38.73)

0.36

B12 (μg)

1.79 (0.30)

3.04 (0.56)

0.03b

C (mg)
84.83 (18.23)
106.22 (11.39)
squares mean (standard error of the mean)
bSignificant value (p≤0.05)
aLeast

0.36

Figure 1. Consort diagram of study flow.

Figure 2. Changes in Firmicutes and
Bacteriodetes quantity at week 3, prior to the
FDSP intervention.

Figure 3. Changes in Firmicutes and
Bacteriodetes quantity at week 5, following the
FDSP intervention.

Figure 4. Changes in Bifidobacterium and
Lactobacillus quantity at week 3, prior to the
FDSP intervention.

Figure 5. Changes in Bifidobacterium and
Lactobacillus quantity at week 5, following the
FDSP intervention.

Figure 6. Change in Fruit Servings consumed per week (n=16)

